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 Gelatinases são endopeptidases zinco-dependentes que formam uma das classes 
das metaloproteinases da matriz (MMPs). O objetivo deste estudo foi localizar, em dentina 
saudável de molares de ratos, onde há atividade de gelatinases por meio da técnica de 
zimografia in situ. Para tanto, 10 ratos Wistar com 8 semanas de idade foram sacrificados, 
suas hemimandíbulas foram removidas, fixadas em paraformaldeído, lavadas em 
PBS+glicerol e descalcificadas em EDTA+glicerol. E, seguida as peças foram lavadas em 
PBS+glicerol+sucrose e incluídas em Paraplast. Cortes longitudinais da região de molares 
foram incubados com Dq Gelatin (Invitrogen) diluído em tampão Tris/HCl/CaCl2. Com os 
controles, cortes foram incubados com Dq Gelatin (Invitrogen)+inibidor de MMPs ou 
apenas com tampão Tris/HCl/CaCl2. Após a incubação foi possível observar, por meio de 
microscopia de fluorescência confocal, atividade gelatinolítica em praticamente toda a 
dentina, inclusive nos prolongamentos dos odontoblastos. Próximo ao limite amelo-
dentinário e também na pré-dentina, observou-se maior atividade gelatinolítica em relação a 
toda dentina analisada. Pode-se concluir que é possível detectar atividade de gelatinases em 
dentina de molares de ratos por meio da técnica de zimografia in situ e que tal atividade 
varia em diferentes regiões da dentina. Portanto, zimografia in situ pode ser útil na 
investigação do papel das gelatinases de dentina em eventos como :o processo de 
desmineralização-remineralização da dentina, a cárie dentária e a degradação da camada 
híbrida, formada em procedimentos restauradores adesivos. 









 Objective: The purpose of this study was to evaluate the gelatinases activity in 
decalcified rat molars crowns by in situ zymography. Methods: Five male Wistar rats were 
killed and their hemimandibles were fixed in paraformaldehyde, decalcified in 
EDTA+Glycerol solution and embedded in paraffin. Section from the region of molars 
teeth were incubated with DQ gelatin (Invitrogen) and observed under confocal 
microscopy. Results: By using in situ zymography was possible detected gelatinolytc 
activity in whole crown dentin.  High activity of the gelatinases was observed in the 
odontoblastic process, dentin-enamel junction (DEJ) and predentin.  Conclusions: It was 
possible to evidence gelatinases activity in fixed and decalcified dentin from rat molars, and 
it activity was not uniformly distributed over different compartments of the dentin. In situ 
zymography could be a tool in studies investigating the role of the gelatinases in the dentin 
development and degradation. 
Keywords: dentin, MMPs, gelatinases, in situ zymography 
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A dentina é um tecido conjuntivo duro que forma a maior parte do dente, e é 
formada a partir da deposição de uma camada de matriz não mineralizada chamada pré-
dentina; esta gradualmente se mineraliza em dentina à medida que as proteínas não 
colágenas da matriz são incorporadas na frente de mineralização (Ten Cate, 2008). Uma 
importante propriedade física, a elasticidade, confere à dentina flexibilidade e previne 
fratura do esmalte subjacente. Na raiz a dentina é coberta por cemento; na coroa a dentina e 
o esmalte forma uma firme união, denominada junção amelodentinária (Ten Cate, 2008).  
 A dentina é constituída por aproximadamente 10 % de água (Ten Cate, 2008), 
70% de tecido mineralizado e 20% de matriz orgânica. Sua porção inorgânica é composta 
de cristais de hidroxiapatita (Mazzoni et al., 2008; Polasaari, 2003). A maior parte da 
dentina circumpulpar é composta de dentina inter e peri-tubular, permeada pela matriz 
contendo os túbulos dentinários com os processos odontoblásticos.  Sua porção orgânica é 
constituída principalmente por fibras colágenas, principalmente do tipo I (90%), as quais 
conferem as propriedades bioquímicas e funcionais de sua estrutura (Mazzoni et al., 2008).   
Proteínas fosforiladas, não colágenas, representam cerca de 10% da matriz 
protéica da dentina. Dentre as proteínas não colágenas encontradas na porção orgânica da 
pré-dentina e dentina, destaca-se um grupo de certas proteínas que são denominadas Small 
Integrin-Binding Ligand N-linked Glicoproteínas (SIBLINGs) (Fisher & Ferdarko, 2003). 
Os elementos desta família incluem: fosfosialoproteína de dentina (DSPP) e, 
consequentemente, sialoproteína de dentina (DSP) e fosfoproteína de dentina (DPP), 
proteína de matriz da dentina 1 (DMP-1), sialoproteína óssea (BSP) e osteopontina (OPN). 
 BSP e OPN são encontradas principalmente no osso, mas também estão 
presentes em odontoblastos e dentina (Fisher & Ferdarko, 2003). Além das SIBLINGs, 
proteínas como decorin, biglican, lumican, fibromodulina, fator de TGFβ-1 osteoaderina, 
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osteonectina, osteoclacalcina, amelogenina e metaloproteinases da matriz extracelular 
(MMPs), também são encontradas no tecido dentinário (Chaussain Miller et al., 2006). 
 
1.2 Metaloproteinases da Matriz Extracelular (MMPs) 
 
 As MMPs formam um grupo de endopeptidases zinco-cálcio dependentes que, 
em pH fisiológico, têm capacidade de degradar as proteínas da matriz extracelular 
(Polasaari, 2003; Hannas, 2007; Granjeiro; Tjarderhane, 2007; Stamenkovic, 2003; Navarro 
et al.,2006; Freitas, 2006; Arakaki, 2009). A particular dependência destes metais é 
justificável, já que o Zn
++
 e o Ca
++
 são responsáveis pela estabilidade e atividade destas 
enzimas. As MMPs regulam eventos patológicos e fisiológicos como: organogênese, 
remodelação tecidual e o reparo de feridas, onde exerce a função de regulação da 
comunicação celular do processamento de moléculas bioativas, como receptores de 
superfície celular, citocinas, hormônios, moléculas de adesão e fatores de crescimento 
(Nonaka, 2006). 
 A classificação das MMPs foi feita em subgrupos de acordo com a capacidade 
de degradar substratos específicos pelos quais têm afinidade. Os subgrupos são: 
colagenases intersticiais (MMP-1 e MMP-8), estromelisinas (MMP-3 e MMP-10), 
gelatinases (MMP-2 e MMP-9), MMPs de membrana (MT-MMPs) e outras enzimas 
(Woessner, 1998). 
 As MMPs são produzidas por diversas células do organismo, e sua estrutura 
básica é formada por um peptídeo de sinalização, um pró-peptídeo, um domínio catalítico e 
um domínio hemopoxim-like (Hannas, 2007; Coimbra, 2010; Stamekoovik, 2003; Hoff, 
2005), com exceção das gelatinases que possuem um domínio fibronectin-like no seu sítio 
catalítico, o que sugere seu envolvimento na união com as gelatinas (Coimbra, 2010). 
 Nos processos biológicos essas enzimas atuam na angiogênese. Assim, partindo 
de estruturas vasculares pré-existentes participam da neoformação de vasos sanguíneos; 
este evento é necessário em processos como a embriogênese, os reparos e também no 
crescimento de tumores (Hannas, 2007). As MMPs também exercem importante papel na 
regulação de atividades biológicas como: a transcrição gênica, a ativação pró-enzimática e 
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a inibição da atividade enzimática; a ação conjunta destes é responsável pelo confinamento 
da atividade da MMPs em sítios e situações biologicamente necessárias. Vale ressaltar que, 
pela maior expressão gênica das MMPs durante a remodelação fisiológica tecidual ou na 
presença de processos patológicos, provavelmente, a transcrição gênica representa o seu 
principal mecanismo regulatório.  
 Citocina e os fatores de crescimento controlam, de uma forma geral, os 
promotores dos genes das MMPs. Esse controle ocorre através de vias de sinalização 
intracelulares, dentre as quais, podem-se destacar ao menos três vias de sinalização: 
proteína-quinase mitógeno-ativada (MAPKs), c-Jun N-terminal quinase (JNK) e quinase 
regulada por sinal extracelular (ERK) (Nonaka, 2006, apud Huang et al., 2004).  
   MMPs também estão implicadas no desenvolvimento do câncer, ajudando a 
promover o crescimento, a invasão e a metástase (Stamekoovik, 2003). Exercem ainda 
efeitos no sistema imune, de defesa do organismo (Arakaki, 2009). Além disso, participa de 
processos patológicos bucais: como periodontite, cárie, metástase de alguns tipos de 
tumores e nas desordens da articulação têmporo- mandibular. (Navarro et al., 2006). 
O pH baixo do microambiente é um estímulo importante para ativação das 
MMPs, que em sua presença estas promovem a degradação da matriz extracelular. 
Especificando, pode-se dizer que ocorre uma alteração na conformação do pró-peptídeo, 
induzindo a cisteína flexível; passo este considerado crítico no processo de ativação 
enzimática (Mazzoni et al., 2008). 
 As MMPs são secretadas na forma de pró-enzimas inativas, denominadas 
zimógenos, que no ambiente Pericelular são ativadas por segmentação de uma parte do 
zimógeno denominada pró-peptídeo, ocorrendo à quebra de uma ligação de cisteína e íons 
Zn
++
 bloqueando a reatividade do local ativo. Assim, neste processo, zimógenos inativos 
tornam-se MMPs ativas (Navarro et al., 2006). O processo de ativação das MMPs é 
resultado da interação que ocorre no agrupamento sulfidrila da cisteína, que se encontra no 
domínio pró-peptídico e no domínio catalítico que contém o íon zinco, e este processo pode 
ser diretamente controlado pelo pH do microambiente em que se encontra estas proteases 
(Nonaka, 2006).  
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A atividade das metaloproteinases é regulada por meio de inibidores endógenos 
como a α2- macroglobulina, que inativa as MMPs no plasma e em outros fluidos tissulares. 
(Nonaka, 2006). As MMPs, também são controladas por meio de inibidores específicos 
conhecidos como inibidores teciduais (TIMPs). As TIMPs são proteínas pequenas e 
multifuncionais que regulam as MMPs na sua função, no nível de ativação e na  habilidade 
de hidrolisar um determinado substrato (Navarro, 2006; Hannas, 2007; Palassari, 2003; 
Hoff, 2003; Arakaki, 2009). Em estudos in vivo, o controle da atividade das MMPs e /ou 
TIMPs ocorrem em diferentes níveis e estão envolvidos com fatores como: regulação da 
expressão gênica, ativação do zimógeno e inibição da atividade de enzimas por inibidores 
específicos. Contudo, muito das MMPs e TIMPs são reguladas pelo nível de transcrição, 
por fatores de crescimento e citocinas (Arakaki, 2009).  
O equilíbrio entre a produção de MMPs e de inibidores TIMPs é importante 
para manter a homeostase da matriz extracelular. O desequilíbrio destes fatores, onde a 
atividade da MMPS nos tecidos sobrepõe a das TIMPs, esta sempre relacionado a  
processos patológicos da matriz extracelular (Hannas, 2007).  
 
1.3. Dentina e Gelatinases 
 
As MMPs são encontradas em tecidos dentais em formação, participam da 
biomineralização da dentina e do esmalte (Navarro et al., 2006). Na dentina são 
encontradas várias metaloproteinases, e estas têm sido relacionadas principalmente com a 
regulação da organização das fibras colágenas e durante o seu processo de mineralização 
(Boushell et al.,2011).  
 As gelatinases formam uma das classes das MMPs (Hannas, 2007). A MMP-2 é 
a gelatinase mais expressa na dentina, esta é encontrada nos odontoblastos, na porção mais 
profunda da dentina e na junção amelo-dentinária. As TIMPs-2 e a MMP-2 (gelatinase A) 
são co-localizadas, em baixas concentrações, principalmente, nos odontoblastos (Niu et al., 
2011). Destaca-se, também a maior concentração de MMP-2 na junção amelo-dentinária, 
Boushell et al. (2011), o que sugere ter uma importância clínica  na extensão da cárie 
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prematura (Boushell et al., 2011), e também em rede de fibras colágenas intra-tubulares 
(Mazzoni et al., 2008). 
 A cárie de dentina tem sido estudada como um processo que envolve a ativação 
de MMPs neste tecido. Nesse caso, sugere-se que alterações no pH na superfície dentinária, 
viabilizaria a ativação de MMPs endógenas que atacariam a matriz orgânica, favorecendo a 
destruição tecidual. Além disso, têm sido discutidas possíveis atuações de MMPs no 
processo de degradação da interface de união entre dentina e sistemas adesivos dentinários. 
Neste caso, o condicionamento ácido à dentina, necessário para procedimentos 
restauradores, ativaria MMPs daquela superfície, e poderia então degradar o colágeno que 

























  O objetivo deste estudo foi mapear, em dentina de molares de ratos, as regiões 























3 CAPÍTULO 1 
 
 
Title:  In situ study of the gelatinases activity in dentin from molar teeth.  
 
Abstract 
Objective: The purpose of this study was to evaluate the gelatinases activity in decalcified 
rat molars crowns by in situ zymography. Methods: Five male Wistar rats were euthanized 
and their hemimandibles were fixed in paraformaldehyde, decalcified in EDTA+Glycerol 
solution and embedded in paraffin. Section from the region of molars teeth were incubated 
with or without DQ gelatin(Invitrogen) in 50 mM TrisCaCl2 37 °C for 2 hr and observed 
under confocal microscopy. Results: By using in situ zymography it was possible detected 
gelatinolytc activity in whole crown dentin.  High activity of the gelatinases was observed 
in the dentinal tubules, dentin-enamel junction (DEJ) and predentin. Gelatinolytic activity 
was not uniformly distributed over different compartments of the dentin. Conclusions: It 
was possible to evidence gelatinases activity in fixed and decalcified dentin from rat 
molars. In situ zymography could be a tool in studies investigating the role of the 
gelatinases in the teeth development and degradation. 
Keywords: dentin, MMPs, gelatinases, in situ zymography. 
 
Introduction 
Matrix metalloproteinases (MMPs) are a family of structurally related but 
genetically distinct enzymes that are zinc (Zn)-dependent and can degrade extracellular 
matrix (ECM) and basement membrane (BM) components. This group of enzymes is 
classified into collagenases, gelatinases, stromelysins, membrane associated MMPs and 





  MMPs are involved in physiological and pathological  processes such as tissue 
development, tissue remodeling, wound healing, inflammation, tumor progression, caries 
progression, and play significant roles in the regulation of cellular communication, 
molecular shedding and immune functions by processing bioactive molecules including cell 




The expression of several MMPs during dental development has been previously 
evaluated.  MMPs were identified in human and rat sound dentin and pulp tissues. They are 
thought to be implicated in early stages of dentinogenesis, but their precise functions in 
vivo, in particular at the later stages of dental tissue formation, have not been totally 
established. Some MMPs, such as collagenase MMP-1, gelatinases MMP-2 and MMP-9, 
collagenase-2 (MMP-8), stromelysin-1 (MMP-3), MMP-2 activator MT1-MMP, and 




Substrate zymography, FRET-based MMP activity determination, ELISA and in 
situ zymography (ISZ) are among the methods used to assess the active and latent forms of 
proteolytic enzymes in biological samples.
11,13,16
. ISZ is a technique that uses an enzymatic 
substrate-based support or overlay to detect and localize specific protease activity in tissue 
sections
17
. In this assay, an enzymatic substrate for a specific protease(s) is deposited on the 
surface of a tissue section. During the incubation period, the substrate will be cleaved in a 
time- and dose-dependent manner by the appropriate active enzymes in their native 
location. After the incubation period, the lyses of the labeled substrate can be detected by 
light microscopy or fluorescent microscopy depending on the substrate type, thereby 
permitting the localization of the specific protease activity in tissue sections
17
. The location 
of actives collagenases by ISZ was demonstrated in different tissues, including in both bone 
and dentin after decalcification
14
. 
Although studies have already demonstrated the presence of MMPs in dentin, the 
implications of the presence and activity of the collagenases and gelatinases during dentin 
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development, as well as in non-physiological changes in the tooth, have not been totally 
elucidated. In addition, no literature report is found about localization of either MMP 
activity in histological sections from decalcified dentin molars, it was showed only in rats 
incisors teeth (continuously growth teeth). Therefore, the aim of this preliminary study was 
to evaluate, by in situ zymography technique, the gelatinolytic activity in decalcified dentin 
of rat molars, and also to map the gelatinolytic activity in the distinct regions of this tissue. 
 
Materials and Methods  
Animals  
Five male Wistar rats (8-weeks old, mean weight of 234.26 g ± 18.8), obtained at 
the Animal Facility Center of the State University of Campinas were maintained in a room 
with 12 hour day/night cycles with food and drinking water ad-libitum. Experimental 
procedures were approved by the Institutional Animal Research Committee at the State 
University of Campinas (São Paulo, Brazil).  
 
Tissue Preparation   
The animals were euthanized by cervical dislocation and their hemimandibles were 
retrieved for histological evaluation. For tissue fixation, the right hemimandibles of all 
animals were kept in 4% paraformaldehyde (Electron Microscopy Science - EMS, Fort. 
Washington, PA, U.S.A.), pH 7.4, at 4 °C for 12 hr (adapted from Porto et al. 2009
14
). 
After tissue fixation, the hemimandibles were decalcified using a protocol described by 
Begum et al, 2010
18
. The hemimandibles were washed for 12 h at 4°C in each of the 
following series of solutions: 0.01 M PBS (Cultilab, Campinas, SP Brazil) containing 5% 
glycerol (Synth, São Paulo, SP, Brazil), 0.01 M PBS containing 10% glycerol, and 0.01 M 
PBS containing 15% glycerol. The specimens were then decalcified in EDTA/Glycerol 
(EDTA-G) solution 14.5 g EDTA (Merck AG, Darmstadt, Germany), 1.25 g NaOH (Merck 
AG), and 15% glycerol in 100 ml distilled pH 7.3 at 4°C. The EDTA-G solution was 
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replaced every 2 days. After decalcification (~ 40 days), the specimen was washed at 4°C 
for 12 h in successive washes of 15% sucrose and 15% glycerol in PBS, 20% sucrose and 
10% glycerol in PBS, 20% sucrose and 5% glycerol in PBS, 20% sucrose in PBS, 10% 
sucrose in PBS, 5% sucrose in PBS, and 100% PBS. Region from the first and second 
molars was selected and included in a paraffin of lower fusion point (EMS). Longitudinal 
sections (thickness: 5µm) in the middle of the crown molar teeth were done in a microtome 
(Leica, Nussloch, Germany) and put on silanized microscope slides. Some sections were 
stained with hematoxylin and eosin (HE).  
 
In situ Zymography 
 In order to detect gelatinases activity in dentin from rat molars, a protocol, based on 
study from Porto et al, 2009
14
, was used. For samples deparaffinization, the following 
washes wee performed: 1. Xylene (Synth) - 2 x 1 min; Xylene 1:1 with 100% ethanol 
(Synth) -  3`; 100% ethanol- 2 x 3`; 95% ethanol - 3`; 70 % ethanol – 3`; 50 % ethanol – 3`; 
100% distilled water. After  to dry partially the slices, eighty mL of  (1:10) of DQ-gelatin 
(DQ-gelatin, E12055; Invitrogen) in 50 mM Tris-CaCl2  (Definir  Tris-Cacl2, ex: 50 nm 
Tris-HCl, pH 7.4 and 5 mM CaCl2) was applied on top of the tissue sections, which were 
incubated at 37 °C for 2 hr in a dark humid chamber. The gelatinolytic activity was 
observed as green fluorescence (absorption maxima, ~ 495 nm; fluorescence emission 
maxima, ~515 nm) by confocal fluorescence microscopy (Leica TCS SP5, Leica 
Microsystem, Heidelberg, Germany). Negative control sections were incubated with 50 
mM Tris-CaCl2 as described above, but without DQ-gelatin. In order to confirm that the 
observed activity is due to MMP enzymes, some sections were incubated either with an 
metalloproteinase inhibitor, 1,10-phenanthroline (Phe) (Sigma Chemicals; St. Louis, MO) 






Sections from rat molars were incubated with DQ-gelatin, or with DQ-gelation + 
Phe or without DQ-gelatin, and then were observed by confocal fluorescence microscopy. 
It was possible to verify that fixed and decalcified dentin from rat molars can be evaluated 
by in situ zymography technique. In the sections incubated with DQ-gelatin, the 
gelatinolytic activity was observed by the fluorescence throughout the dentin (Figs. 1 -3). 
Negative controls (sections without DQ-gelatin) showed only faint fluorescence (Fig. 1B). 
Dentin auto-fluorescence was easily discriminated from the fluorescence caused by the 
degradation of labeled gelatin. Sections incubated with DQ-gelatin + MMPs inhibitor (Fig. 
1D) had a loss of fluorescence as compared with samples without Phe (Fig. 1C). Although 
it was observed gelatinolytic activity in whole dentin, high fluorescence was found in the 
dentinal tubules (Figs. 2B-2D, 3B,C), in the predentin (Figs. 2C,D) and in the dentin-
enamel junction – DEJ (Figs. 3B,C). All photomicrographies were obtained with the same 
confocal microscope calibration. High magnificence photomicrographs from negative 
controls or samples incubated with Phe were not fluorescent (data not shown). 
 
Discussion 
The choice of an adequate method may be a critical step to detect the actual 
biological activity of an enzyme. Since dentin is a calcified tissue, studies that involve 
activity assays are commonly difficult to be performed and reproduced, mainly because the 
MMPs are overlapping in mineral crystals, and the process to remove these crystals can not 
only cause loss but also affect the proteolytic capacity of enzymes. 
Type I collagen constitutes about 90% of the dentin organic matrix. In general, 
collagens can be degraded by the interstitial collagenases, which include MMP-1, MMP- 8, 
and MMP-13, resulting in the release of 3/4- to 1/4-length peptides. These peptides lose the 





. In dentin, gelatinases presumably contribute to organic matrix reorganization 
before mineralization. Some of these enzymes are incorporated into mineralized dentin
13
. 
The presence of gelatinases in dentin has been investigated with different methods 
in attempts to study the biological functions of these proteases. Three different methods 
have been used in the major studies that assess gelatinases in dentin: substrate zymography 
(by using SDS Page), western blot and immunohistochemistry
13,20
. Substrate zymography 
and western blot can be assessed after dentin crushing, followed by protein extraction
13
. 
These techniques allow evaluate the presence/activity of the some MMPs by molecular 
weight and specific substrate (zymography) or by molecular weight and conjugation with 
antibody (western blot). For both techniques it is not possible to know the exact localization 
of the proteases extracted from dentin. On the other hand, by using immunohistochemistry, 
it is possible perform an exact location of different types of proteases in dentin, but this 
technique does not discriminate between zymogens and active enzymes, and no information 
about the activity can be inferred in this case. 
 Previous studies have already shown gelatinolytic activity in dentin by using 
ISZ
14,21
, but our results demonstrated, for the first time, the use of this technique in 
decalcified dentin molars teeth. In addition, in the present study, high resolution confocal 
fluorescence photomicrographs, evidenced more details about the regions with gelatinolytic 
activity in dentin, which until now had not been shown.  
The results indicated that activity of the gelatinases is variable in the different 
regions of the dentin, and it suggests that gelatinases may have distinct functions in 
different regions of this tissue. The highest fluorescence related to gelatinolytic activity was 
found in predentin and in dentinal tubules (Figs. 2 and 3). These findings may be correlated 
with the presence of the MMP-2. Immunohistochemical studies indicate that MMP-2 is 
concentrated in the predentin, dentinal tubules and the inner dentin area adjacent to the 
predentin 
15,22
, which is consistent with the hypothesis that MMP-2 is actively involved in 






In a similar way, the high fluorescence related to gelatinolytic activity observed in 
the region of the DEJ (Fig. 3) may also be correlated with MMP-2 presence. High 
concentrations of MMP-2 in close proximity to the DEJ by immunohistochemistry have 
already been reported
15,20
.  MMP-2 may be involved in establishment of the DEJ and 
initiation of dentin formation as other studies have suggested
24,26
. As dental caries 
progresses through the enamel and into dentin there is an initial spread at the DEJ. The high 




The role of the dentinal MMPs in caries progression has been extensively studied
 
22,27
. It is generally regarded that MMPs, although activated, cannot degrade the organic 
matrix of dentin at acidic pH. However, as caries progress, acids are neutralized by salivary 
buffer systems. Therefore, a momentary increase in pH, occurring at the spots of 
demineralized dentin, allows the pH-activated MMPs to degrade the organic matrix
,27
. The 
protocol used in our study, certainly can be reproduced in teeth with dentin caries, and an in 
situ evaluation of the gelatinases activity could be helpful to understand better the caries 
development and prevention mechanisms. 
Dentinal proteases, such as gelatinases, are involved in adhesives restoration 
failure
28
. In this case, these enzymes would participate of the degradation of collagen fibrils 
at adhesive layer of dental composite restoration, being therefore, at least, partially 
responsible for restoration failure
28,29
. The major studies that report the possibility of 
participation of the gelatinases in the hybrid layer degradation were done in vitro or by 
using scan electron microscopy
30,31
.  ISZ may allow observing changes in gelatinolytic 
activity on the resin-dentin interface. This new approach may, therefore, contribute both 
to understanding the causes of failure in adhesive restorative procedures, and also it will 
allow a new way to assess potential inhibitors of the degradation of collagen in hybrid 
layer.  
In conclusion, gelatinases from decalcified dentin can be evaluated by in situ 
zymography technique. The results showed that these enzymes keep their activities after 
14 
 
dentin decalcification by EDTA and are differently concentrated in compartments of the 
dentinal tissue. This method, potentially, will help in the news investigations to understand 
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Figure 1. Photomicrographies of longitudinal slices from molar teeth representing:  1A - H&E 
stain, 1B - negative control for in situ zymography (ISZ), 1C – ISZ and 1D - ISZ with 1,10 
phenantroline (MMP inhibitor). White arrows in 1C indicate fluorescence caused by gelatinases 
activity. A little of dentin autoflourescence is evidenced in 1D.  Partial gelatinases activity 
inhibition can be checked comparing 1D (white arrows) with e 1 photomicrographies (1B, 1C and 
1D) were done with the same confocal microscopy calibration.  P: pulp tissue. CD: dentin of the 







Figure 2. Photomicrographies of longitudinal slices from molar teeth representing:  2A - H&E 
stain, 2B, 2C and 2C - in situ zymography (ISZ). The photomicrographies 2B, 2C and 2D were 
done in an area similar as indicated in the dotted rectangle drawled in 2A. The figure 2C represents 
high magnificence image from part of figure 2B. Fluorescence caused by gelatinases activity is 
shown in 2B and 2C by dentinal tubules (DT) and by predentin (PD). And 2D by dentinal tubules 
in an oblique dentin slice. GDT: granules in the dentinal tubules, P: pulp tissue, CD: dentin of the 






Figure 3. Photomicrographies of longitudinal slices from molar teeth representing: 3A - H&E stain, 
3B - in situ zymography (ISZ), photomicrographie done in an area similar as indicated in the dotted 
rectangle drawled in 3A. The figure 3C represents high magnificence image from part of 3B image. 
Fluorescence caused by gelatinolytic activity is shown in 3B by the dental enamel junction (DEJ) 
and by the deninal tubules (DT), in 3C by the DT, DEJ and intertubular dentin (ID). P: pulp tissue. 





 Por meio da técnica de zimografia in situ, foi possível mapear a atividade de 
gelatinases em dentina descalcificada de molares de ratos. Tal atividade pôde ser detectada 
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